We study the effective interactions, structure, and the isothermal compressibility of a binary mixture interacting with pairwise additive pair potentials. By integrating out the degrees of freedom of species 2 in the partition sum we first show that a binary mixture can be mapped formally onto an effective one-component system with an effective Hamiltonian consisting of a structure-independent term, which contributes to the total pressure and chemical potential of the system, but does not affect the phase behavior, and a structure-dependent potential of mean force, which contains pair-, triplet-, and higher-body interactions. We then show that the 1-1 structure factor and pair correlation function, and the total isothermal compressibility of the mixture are equal to those of the effective one-component system, provided the mapping is exact. We illustrate and confirm these results by calculating the structure factors and pair correlation functions of the binary AsakuraOosawa model, which is a simple model for colloid-polymer mixtures, and those of the corresponding one-component system for a size ratio such that the mapping onto an effective one-component Hamiltonian with a strictly pairwise potential of mean force is exact. The distinction between the osmotic and total compressibility of the mixture is emphasized.
I. INTRODUCTION
Colloidal suspensions are complex fluids that consist of mesoscopic particles suspended in a solvent ͑e.g., water͒. Often other components, such as salt ions or polymers, are present as well. Such multicomponent fluids are difficult to describe as very different length and time scales are involved for the different constituents. This problem is often circumvented by coarse graining, i.e., by eliminating the degrees of freedom of the smaller particles and the solvent, which yields a one-component system that is described by effective interactions. The ideal-gas version of this concept dates back to Van't Hoff, who showed that the osmotic pressure of a suspension is proportional to the solute concentration. The formalism for describing the more complicated and interesting case of interacting, nonideal particles was introduced by McMillan and Mayer in 1945 . 1 An important ingredient of the McMillan-Mayer solution theory is the so-called ''potential of mean force,'' which plays the role of the interaction Hamiltonian in the effective one-component system. If the potential of mean force is assumed to be pairwise additive, with some specific effective pair-potential ͑e.g., the DLVO potential in the case of charge-stabilized colloidal suspensions, 2 or the depletion potential in the case of colloid-polymer, colloid-colloid mixtures, 3, 4 and mixtures of micelles and emulsion droplets 5 ͒ one can determine the phase behavior of the colloidal system via simulation or theory using the same techniques as for one-component systems. It is known that predictions for the phase behavior of charge-stabilized suspensions which follow from the effective DLVO theory are in agreement with experiments, at least at sufficiently high salt concentrations.
2, 6 The status of the DLVO theory at very low salt concentrations is more controversial, but recent theoretical studies of effective interactions can explain some of the features of the experimentally observed phase behavior. 7 In the case of very asymmetric binary hard-sphere mixtures, we compared the phase behavior determined from simulations of the effective onecomponent system with that from simulations of the true binary mixture. 8 The agreement we found was surprisingly good, and provides important justification for the use of the pairwise depletion potential in the effective one-component system. 8 Thus, it is fair to argue that the concept of integrating out or coarse graining has been successful in describing phase diagrams of colloidal systems.
An important subsequent question is whether the equilibrium structure and the various thermodynamic properties of the mixture are also well-described by the potential of mean force or the effective Hamiltonian. Some recent examples in the literature suggest that this is not the case. Recent experiments on charge-stabilized colloidal crystals, for instance, show that the bulk modulus-the inverse of the compressibility-as determined from the colloid structure factor at long wavelengths is three times smaller than that calculated from the DLVO theory. 10 The authors then conclude that the conventional DLVO theory for the effective colloidal interactions fails to account for the elastic properties of colloidal crystals. 10 Another example is given by Louis et al., who calculate the structure factors of the Asakura-Oosawa model for colloid-polymer mixtures in the Percus-Yevick ͑PY͒ approximation. 11 They find that the isothermal compressibility T obtained from the k→0 limit of the partial structure factors ͓see Eq. ͑9͔͒ in the twocomponent Asakura-Oosawa model is smaller by an order of magnitude than T,eff , the osmotic compressibility, obtained from the k→0 limit of the colloidal structure factor of the corresponding effective one-component system ͓see Eq. ͑13͔͒.
11
In this article we address the issue of how to compare the thermodynamic properties of the mixture with those of the effective one-component system. Making such comparisons is not trivial. We first show that when the mapping of the homogeneous mixture onto the corresponding effective one-component system is exact, the colloid-colloid structure in the mixture should be equal to the colloidal structure in the effective one-component system. In particular this implies that the pair correlation functions and structure factors of the colloids obtained from the effective one-component Hamiltonian description are exactly equivalent to the colloid-colloid pair correlation functions and structure factors in the colloidal suspension. The same equivalence holds for higher-order correlations. We then demonstrate that thermodynamic properties, focusing on the isothermal compressibility, are also equal in the mixture and in the corresponding effective one-component system-provided once again the mapping is exact and the comparison is made at precisely the same state point. As an example we calculate the structure factors and pair correlation functions of the two-component Asakura-Oosawa model and those of the effective onecomponent system for a polymer/colloid size ratio such that the mapping onto an effective one-component Hamiltonian, whose potential of mean force has strictly pair interactions, is known to be exact. 9 We show that the structure factors and the pair correlation functions are equal in the two corresponding systems. T as calculated from the k→0 limit of the partial structure factors of the mixture does agree with the full result for the effective one-component system. The main contribution to the latter is an ideal polymer term not contained in T,eff and not considered in Ref. 11 .
II. MAPPING A MIXTURE ONTO AN EFFECTIVE ONE-COMPONENT SYSTEM
We showed in Ref. 8 that a homogeneous binary mixture can be formally mapped onto an effective one-component system with effective interaction Hamiltonian H eff by integrating out the degrees of freedom of one of the two species in the partition sum. For completeness we briefly recapitulate. We consider a classical fluid of two species, label 1 and 2, in a macroscopic volume V. For particle numbers N 1 ϭV 1 and N 2 ϭV 2 , the total Hamiltonian consists of ͑trivial͒ kinetic energy contributions and the interaction Hamiltonian HϭH 11 ϩH 12 ϩH 22 . We assume pairwise additive pair potentials 11 , 12 , and 22 in the mixture ͑but not in the effective one-component system͒. Thus, By performing a Mayer cluster expansion, we then showed that ⍀ can be written as ͚ nϭ0 N 1 ⍀ n , where n labels the number of particles of species 1 that interact simultaneously with the ''sea'' of species 2. The zero-body term ⍀ 0 is the grand potential of a pure system of species 2 at fugacity z 2 in a volume V, i.e., ⍀ 0 (z 2 ,V)ϭϪp 2 (z 2 )V, with p 2 (z 2 ) the pressure of the reservoir of species 2. The one-body term is of the form ⍀ 1 (N 1 ,z 2 )ϭN 1 1 (z 2 ), with 1 (z 2 ) the grandpotential difference between a ''sea'' of species 2 at fugacity z 2 with and without a particle of species 1 at the origin. Within the same formalism we obtain ⍀ 2 (N 1 ,z 2 ;͕R͖) ϭ ͚ iϽ j N 1 2 (z 2 ;R i j ), where 2 is the grand potential difference between a ''sea'' of species 2 at fugacity z 2 containing two particles of species 1 separated by a finite distance R i j ϭ͉R i ϪR j ͉ and by infinite distance. Similar expressions can be given for the three-and higher-body terms, e.g., ⍀ 3 ϭ ͚ iϽ jϽk N 1 3 (z 2 ;R i jk ). Thus, we arrive at the effective onecomponent Hamiltonian
where the dependence on the coordinates ͕R͖ resides only in the potential of mean force
Consequently, the thermodynamic potential of interest F can be written as
with A defined by exp͓Ϫ␤A͔ϭTr 1 exp͓Ϫ␤W͔, i.e., A is the Helmholtz free energy of a one-component system with an interaction Hamiltonian that equals the potential of mean force.
A few remarks are in order. ͑i͒ Although the problem of the binary mixture has been reduced formally to that of an effective one-component fluid, one must determine the effective potentials n for nϭ1,2 . . . before explicit calculations of F and A can be made. ͑ii͒ Since the terms ⍀ 0 ϭϪp 2 (z 2 )V and ⍀ 1 ϭN 1 1 (z 2 ) in the effective Hamiltonian in Eq. ͑1͒ do not depend on the instantaneous coordinates ͕R͖ of the particles of species 1, they do not affect the structure of the effective one-component system, as we will see in more detail below. Moreover, these two terms do not affect the phase behavior of the two-component system because of their trivial V and N 1 dependence, which gives rise to innocuous shifts in the pressure pϭϪ(‫ץ‬F/‫ץ‬V) N 1, z 2 and chemical potential 1 ϭ(‫ץ‬F/‫ץ‬N 1 ) z 2, V of species 1. It is, in fact, easy to see from Eq. ͑3͒ that
with the osmotic pressure ⌸ϵϪ(‫ץ‬A/‫ץ‬V) N 1 ,z 2 and the shifted chemical potential 1 (N 1 ,z 2 ,V)ϵ(‫ץ‬A/‫ץ‬N 1 ) z 2, V . As the shifts p 2 and 1 are independent of density 1 they do not influence the phase coexistence. 9 Clearly, ⌸ and 1 play the role of pressure and chemical potential in the onecomponent system interacting via W. ͑iii͒ It is interesting that the one-body term 1 can be related to the Henry's law constant h(z 2 )ϭlim 1 →0 1 /z 1 ( 1 ), 12 with z 1 the activity of species 1:z 1 ϭexp͓␤ 1 ͔/⌳ 1 3 . From Eq. ͑5͒ it follows that h(z 2 )ϭexp͓Ϫ␤ 1 (z 2 )͔. The deviation of h(z 2 ) from unity is a measure for the average 1-2 interaction, at given z 2 , in the absence of 1-1 interactions. ͑iv͒ Although phase coexistence of the effective one-component system for a fixed temperature and given value of z 2 is completely determined by equality of osmotic pressures ⌸ and shifted chemical potentials 1 in two coexisting phases, one does require p 2 (z 2 ) and 1 (z 2 ) explicitly in order to convert from z 2 to the average density 2 ϭ͗N 2 ͘ N 1, z 2, V /V of particles of species 2.
This can be ascertained directly from the identity
͑6͒
It is this conversion from the (N 1 ,z 2 ,V) ensemble to the binary mixture (N 1 ,N 2 ,V) ensemble that plays a crucial role in what follows. ͑v͒ The particular technique described here does not apply directly to Coulombic mixtures where other methods are required. 
III. STRUCTURE AND ISOTHERMAL COMPRESSIBILITY
In the previous section, we showed that a binary mixture can be mapped formally onto an effective one-component system with an effective interaction Hamiltonian H eff , and corresponding potential of mean force W, by integrating out the degrees of freedom of one of the species in the partition sum and described how the phase behavior may be determined. Now we investigate the relation between structure and susceptibility ͑in this case the isothermal compressibility͒ in the binary mixture ensemble at fixed (N 1 ,N 2 ,V) and the effective one-component ensemble at fixed (N 1 ,z 2 ,V).
We begin by defining the 2ϫ2 partial structure factor matrix in the binary mixture ensemble by It is a standard result that the k→0 limit of the partial structure factors S ␣␤ (k) and the isothermal compressibility T of the binary system are related by
where ϭ(N 1 ϩN 2 )/V, x 1 ϭN 1 /(N 1 ϩN 2 ), and x 2 ϭN 2 / (N 1 ϩN 2 ), and where T is defined as
where p denotes, as before, the pressure of the binary mixture and the temperature T is, as usual, fixed.
In the effective one-component system at fixed (N 1 ,V,z 2 ) the structure factor ͑of species 1, of course͒ is defined by
where the ensemble average of an observable O(͕R͖,N 1 ), i.e., an observable that is independent of N 2 and ͕r͖ and thus commutes with Tr 2 , is now given by
Note that the potential of mean force W can be replaced by H eff on the right-hand side of Eq. ͑12͒, since the difference gives rise to a common factor in the numerator and the denominator. The k→0 limit of the structure factor S eff of a one-component system of density 1 and pressure ⌸ satisfies
with the effective compressibility T,eff defined as
The effective compressibility is therefore the osmotic compressibility. Clearly, Eq. ͑13͒ is the one-component analog of ͑9͒, and Eq. ͑14͒ that of ͑10͒.
We are now in a position to connect several of the quantities defined above. A key ingredient of this identification is the fact that any ensemble average ͗O͘ of a ͑static͒ observable O(͕R͖,N 1 ) is independent of the ensemble in the thermodynamic limit N 1 →ϱ, V→ϱ with N 1 /V constant. On the basis of Eqs. ͑7͒ and ͑11͒ we therefore have
provided the thermodynamic state points are identical, i.e., provided N 2 ϭ͗N 2 ͘ N 1 ,z 2 ,V . Together with pϭ⌸ϩp 2 , as defined in Eq. ͑4͒, and the definitions of the compressibilities in Eqs. ͑10͒ and ͑14͒, the identity of Eq. ͑15͒ directly yields
The identification of the structure factor in Eq. ͑15͒ and the relation between the total and the osmotic compressibility in Eq. ͑16͒ are the central results of this article. The difference between T and T,eff involves the volume dependence of z 2 at fixed N 1 and N 2 , and the dependence of both ⌸ and p 2 on z 2 , i.e., not only properties of the effective one-component system, but also the thermodynamics of the reservoir of species 2, at fugacity z 2 .
If the structure factors are identical, it follows that the total pair correlation functions are also identical: h 11 (r) ϵh eff (r). Moreover, it is straightforward to generalize to three-body, four-body, etc., correlations. These higher-order correlations will be identical, provided once again the state points are chosen to be identical. However, we wish to emphasize that ͑equilibrium͒ correlation functions of species 1 are only identical in the effective one-component system and the binary mixture, provided the exact potential of mean force W is used in the determination of the statistical average Eq. ͑12͒. It is not guaranteed that an approximate mapping of the two-component system onto a one-component system will preserve this identity of the structure, even if the predictions for the phase behavior that result from the approximate mapping are reasonably accurate. A typical exact W involves pair-, triplet-, and higher-body terms, while a typical approximate W contains only pair interactions.
In the remainder of this article we study a special binary mixture for which the mapping onto an effective onecomponent system can be performed exactly and explicitly. This system is therefore especially well-suited to illustrate the main results of this section, embodied in Eqs. ͑15͒ and ͑16͒.
IV. ASAKURA-OOSAWA MODEL
Reference 9 shows that the so-called Asakura-Oosawa model, which is a simple model for colloid-polymer mixtures, can be mapped exactly onto an effective onecomponent Hamiltonian with W strictly pairwise, when the polymers are sufficiently small compared with the colloids. Here we calculate the structure factors and the pair correlation functions for the two-component Asakura-Oosawa model and those for the corresponding effective onecomponent system. We demonstrate explicitly from our numerical results that the structure factors, the pair correlation functions, and the isothermal compressibilities in the two systems are the same.
In the Asakura-Oosawa model the colloids are modeled as hard spheres with diameter 1 ϭ 11 . The polymer coils are treated as interpenetrating, noninteracting particles as regards their mutual interactions ( 22 ϭ0). However, the polymers are excluded by a center of mass distance of 12 ϭ( 1 ϩ 2 )/2 from the colloids, where 2 , the diameter of the polymer coil, is given by 2 ϭ2R g with R g the radius of gyration. The pairwise potentials in this simple model are thus given by 11 ͑ R i j ͒ϭ ͭ ϱ, ͉R i j ͉Ͻ 11 0, otherwise ,
Here R i and r j are the positions of the centers of the colloids and the polymer coils, respectively, while R i j ϭR i ϪR j and r i j ϭr i Ϫr j . The structure of the homogeneous binary AsakuraOosawa model is characterized by three partial correlation functions h i j (r; 1 , 2 ) and three pairwise direct correlation functions c i j (r; 1 , 2 ) which satisfy the coupled OrnsteinZernike relations:
In principle one could determine the h i j by computer simulation. However, for the very asymmetric situations of interest here, where the size ratio qϵ 2 / 1 is small, ergodic problems arise when the packing fraction of the small ͑poly-mer͒ species 2 becomes substantial. In order to avoid such difficulties, we solved Eq. ͑18͒ numerically using the Percus-Yevick ͑PY͒ closure relations
We chose to restrict our attention to very small values of the polymer packing fraction and fairly small values of the colloid packing fraction where the PY closure should be very accurate. Figures 1-5 show examples of the resulting partial correlation functions h 11 (r), h 12 (r), and h 22 (r), and the corresponding partial structure factors S i j (k) for the fixed size ratio qϭ0.15, and for various state points, characterized by colloid and polymer packing fractions 1 ϭ 1 3 1 /6 and 2 ϭ 2 3 2 /6. As expected, the colloid-colloid structure becomes more pronounced as the colloid packing fraction 1 increases at fixed 2 : compare Figs. 2, 4, and 5. For 1 ϭ0.30 the colloid-polymer pair-correlation function h 12 (r) and structure factor S 12 (k) ͑see dotted lines in Fig. 5͒ also exhibit pronounced structure. Increasing 2 , the polymer fraction, at fixed 1 , leads to a rapid increase in the colloidcolloid h 11 (r) near contact rϭ 1 and to an increase in the polymer-polymer structure factor S 22 (k) at small k: compare Figs. 1 and 2 and Figs. 3 and 4 .
We now consider the structure and thermodynamics of the associated one-component system, and compare the re-sults with those of the binary mixture. It is well-known that three or more nonoverlapping large hard spheres cannot simultaneously overlap with a single smaller sphere, if the size ratio qϽ0.1547.
14 In Ref. 9 , this was shown to imply that the n-body terms in the potential of mean force of Eq. ͑2͒ vanish, i.e., n ϵ0, for nу3. Thus, for these small size ratios, the only nonzero contributions to W are the pairwise terms:
where the bare pair potential 11 is given in Eq. ͑17͒, and where 2 , the polymer-induced contribution to the pair potential, was derived by Asakura and Oosawa
This Asakura-Oosawa pair potential describes an attractive potential well close to the surface of the colloid, whose depth increase linearly with increasing z 2 . The range of the potential is given by 2 . Due to the ideal character of the polymers in this model, the one-body term 1 and the reservoir pressure p 2 are also known exactly
where 2 r (z 2 ) is the density of ideal polymer in the reservoir. We have thus specified completely the effective onecomponent Hamiltonian of the Asakura-Oosawa model. Clearly the absence of higher-body contributions to W leads to an enormous simplification, allowing us to have an ex-FIG. 1. Colloid-colloid ͑full line͒, colloid-polymer ͑dotted line͒, and polymer-polymer ͑dashed line͒ partial pair correlation functions h(r/ 1 ) ͑a͒ and structure factors S(k 1 ) ͑b͒ for a colloid-polymer mixture with size ratio qϭ0.15, colloid packing fraction 1 ϭ0.02 and polymer packing fraction 2 ϭ0.01. The thick dashed line denotes the colloid pair correlation function ͑a͒ and structure factor ͑b͒ for the corresponding effective onecomponent system, based on the Asakura-Oosawa pair potential Eqs. ͑20͒ and ͑21͒. Fig. 1 z 2 ) with the previous h 11 (r) and S 11 (k) obtained for given ( 1 , 2 ), we need to convert between the (N 1 ,N 2 ,V) ensemble and the (N 1 ,z 2 ,V) ensemble. This conversion is provided by Eq. ͑6͒, which with Eq. ͑3͒ can be rewritten as
FIG. 2. As in
For qϽ0.1547 and provided 1 is not too high, it is an excellent approximation to neglect the third term on the right-hand side of Eq. ͑25͒. 15 Then, with Eq. ͑22͒, we obtain
or equivalently
Employing the conversion of Eq. ͑27͒, we can compare our results for the binary mixture with those of the effective onecomponent system. Note that Eq. ͑27͒ with ͑22͒ implies that to very low polymer packing fractions, viz., 2 р0.05, although the colloid fractions can be substantially higher, viz., 1 р0.30. We deliberately restricted our consideration to this regime because of the approximate nature of the PY-closure employed in our calculations. It is important to recognize that the PY treatment for the two-component system is not precisely equivalent to PY for the effective one-component system. However, for sufficiently low packing fractions the differences between the two treatments should be negligible.
For 2 Ͼ0.05 we do find that h 11 (r) begins to deviate significantly from h eff (r) ͑there is already an indication of small deviations in Fig. 5͒ but we emphasize that this reflects our use of the PY closure and not any fundamental failing of the mapping.
Within the one-component description it is easy to understand why h 11 (r)͓ϭh eff (r)͔ increases near contact as more polymer is added at fixed colloid packing fraction. Increasing 2 simply increases Ϫ 2 (z 2 ; 1 ), the well depth of the Asakura-Oosawa pair potential leading to enhanced attraction near contact; recall h eff (r)Ӎexp͓Ϫ␤ 2 (z 2 ;r)͔Ϫ1 for low colloid fractions.
Having confirmed that the colloid structure is the same in the binary and effective one-component systems we can investigate the isothermal compressibilities in the two corresponding systems. In the binary Asakura-Oosawa model, the isothermal compressibility can be calculated from the k→0 limit of the partial structure factors, using Eq. ͑9͒. The results for S i j (0) and for the dimensionless quantity k B T T at the five states considered in Figs. 1-5 can be found in Table I . Recall that ϭ 1 ϩ 2 .
It follows from the effective one-component expression for T in Eq. ͑16͒, together with Eqs. ͑13͒ and ͑22͒, that
where xϭx 1 ϭ 1 /. The first term on the right-hand side follows directly from the calculation of the colloid structure factor, and the prefactor of the second term follows from Eq. ͑27͒. We estimate the remaining term on the right-hand side of Eq. ͑28͒, namely (‫␤ץ‬⌸/‫ץ‬z 2 ) 1 , from the approximate one-component equation of state ␤⌸( 1 ,z 2 )ϭ␤⌸ HS ( 1 ) ϩB 2 AO (z 2 ) 1 2 , with ⌸ HS the one-component hard-sphere pressure and B 2 AO the second virial coefficient associated with the Asakura-Oosawa pair interaction of Eq. ͑21͒. This yields (‫␤ץ‬⌸/‫ץ‬z 2 ) 1 ϭ 1 2 ͓‫ץ‬B 2 AO (z 2 )/‫ץ‬z 2 ͔. We have now determined explicit expressions for all three terms on the righthand side of Eq. ͑28͒. All three contributions, as well as the resulting values of k B T T , are listed in Table II . Comparing the far right columns of Tables I and II confirms that the isothermal compressibility of the effective one-component system is equal to that of the corresponding binary AsakuraOosawa model for all five state points. Comparing the magnitudes of the three contributions on the right-hand side of Eq. ͑28͒ shows that the main contribution to the inverse isothermal compressibility is due to the second, ideal polymer term. Changing the volume of the effective one-component system at fixed N 1 and N 2 gives rise to a different fugacity z 2 . It is this volume dependence of z 2 at fixed N 1 and N 2 ͑combined with the dependence of the polymer reservoir 
V. DISCUSSION
In this article we have argued that care should be taken when one compares thermodynamic properties of a binary mixture with those obtained from the corresponding effective one-component system. We first showed that, for exact mappings, the colloid-colloid structure in the mixture is equal to the colloidal structure in the effective one-component system, provided that the thermodynamic state points are identical, i.e., N 2 ϭ͗N 2 ͘ N 1 ,z 2 ,V . We then showed that T , the isothermal compressibility of the mixture, is equal to the total compressibility of the corresponding effective onecomponent system, but should be carefully distinguished from T,eff , the osmotic compressibility of the effective onecomponent system, which is proportional to the k→0 limit of the structure factor of the colloids. The difference between the total and the osmotic compressibility involves the volume dependence of the fugacity z 2 at fixed particle numbers N 1 and N 2 , and the dependence of the osmotic pressure ⌸ and the reservoir pressure p 2 on z 2 . Explicit calculations for the Asakura-Oosawa model of a binary colloid and ͑ideal͒ polymer mixture with size ratio qϭ0.15 confirm that the structure of the colloids and the total compressibility are the same in the effective one-component system as in the mixture. Our results show that for the low packing fractions we consider T,eff Ϫ1 makes only a small contribution to T Ϫ1 and that it is the volume dependence of z 2 which makes the main contribution. There are clear repercussions for the compressibility of real polymer-colloid mixtures. Either one attempts to measure all three partial structure factors near kϭ0 and utilizes Eq. ͑9͒ ͑this is a tall order even with modern neutron scattering techniques͒ or one attempts to obtain T from Eq. ͑16͒, making some assumption about p 2 (z 2 ) and the volume dependence of z 2 .
We have, of course, ignored the atomic/molecular nature of the solvent. This leads to further complications in the interpretation of the actual compressibility of the ternary (colloidϩpolymerϩsolvent) mixture. In principle one can include solvent effects using the present formalism. For example, for a one-component colloidal suspension the analysis of Secs. II and III remains valid and the compressibility of the suspension is given by Eq. ͑9͒, where 1 refers to colloid and 2 to solvent, or ͑assuming pairwise additive potentials for solvent and colloid͒ Eq. ͑16͒ where p 2 and z 2 refer to the reservoir of solvent. We are not aware of attempts to interpret the measured compressibility of suspensions in terms of Eq. ͑16͒ but we suspect they exist.
Finally, we conclude with some remarks about charged colloids. As mentioned in Sec. I experiments on chargestabilized colloids show that the osmotic bulk modulus as determined from the colloidal structure factor at long wavelengths ͓see Eq. ͑13͔͒ is three times smaller than that calculated from a simple elastic theory using the potential of mean force W. It is important to realize that the latter quantity, which is based on W, yields again an osmotic bulk modulus, and thus a fair comparison is made in Ref. 10 . In both approaches no attempt is made to make connection with the total bulk modulus of the ternary mixture of colloids and co-and counterions. However, the potential of mean force W that is employed in their elastic theory contains only the repulsive DLVO pair interactions, while the exact W may contain triplet, and higher-body interactions. The discrepancy between the osmotic bulk modulus obtained from the colloidal structure factor and the elastic theory can, thus, be explained by the approximation made in the potential of mean force and we therefore support their conclusions that the DLVO pair interactions alone cannot explain the results of the scattering experiments and that triplet, and higherbody interactions are nonnegligible.
Indeed recent theoretical studies of effective interactions in a charged-stabilized colloidal suspension show that a many-body cohesion can explain some of the features of the experimentally observed phase behavior. 7 In this work, the three-component system of charged colloids, co-, and counterions is mapped onto an effective one-component colloidal system with an approximate effective Hamiltonian for the colloids that consists of a one-body term and purely repulsive DLVO pair interactions, which both depend nontrivially on the colloid density. In this approximate theory, the manybody cohesion is embodied in the density-dependent one body and pair terms. The result is the prediction of a gasliquid transition terminating in a critical point which is driven by the one-body term or ''volume term'' ͑Ref. 7͒. As the effective pairwise potentials are purely repulsive they cannot account for a critical point divergence of the colloid structure factor as k→0. On the other hand, the exact effective one-component Hamiltonian, with two-, three-, and more body interactions, would show the structure factor diverging when a critical point is approached. 16 It is tempting to argue that in this approximate theory ͑parts of͒ the threeand higher-body terms are lumped together in the one body and pair terms, which thereby become nontrivially dependent on the colloid density. This will be investigated in a further study.
We should also mention a theoretical study on the influence of the nonzero size of the small ions on the structure factors of a micellar system by Klein et al. 17 They show that, when the size of the small ions is sufficiently large, the partial structure factors of the micelles calculated from a primitive approach for the mixture differ significantly from the structure factor of an effective one-component system with a potential of mean force W that contains only the DLVO potential for the micelles. The discrepancy between the micellar structure factor of the mixture and the effective onecomponent system can be accounted for by the approximation made in W. Triplet-and higher-body interactions are again nonnegligible when the micelles are not much larger than the ions.
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